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DYNAMICALLOCATION OF POWER 
BUDGET FOR A SYSTEMI HAVING 

NON-VOLATILE MEMORY 

FIELD OF THE INVENTION 

0001. This can relate to dynamically allocating power for 
a system having non-volatile memory based on one or more 
power states of the system. 

BACKGROUND OF THE DISCLOSURE 

0002 NAND flash memory, as well as other types of non 
volatile memories (“NVMs), are commonly used for mass 
storage. For example, electronic devices such as portable 
media players or cellular telephones often include raw flash 
memory or a flash card to store music, videos, and other 
media. 
0003. An electronic device may operate using power Sup 
plied by an internal power source Such as a battery, which may 
require charge from time to time to replenish the internal 
power Source. The internal power source may be recharged by 
coupling the electronic device to a power charging device 
(e.g., by physically connecting terminals of the power charg 
ing device to terminals of the electronic device). When the 
power charging device is first coupled to the electronic 
device, however, there may be a time interval during which 
the electronic device can only draw a limited amount of power 
from the power charging device. During this time interval, 
certain components or a combination of Such components of 
the electronic device may not be able to function, or may be 
handicapped in their ability to fully function, when operating 
under this limited power budget. 

SUMMARY OF THE DISCLOSURE 

0004 Systems and methods are disclosed for dynamically 
allocating power for a system based on one or more power 
states. The systems may be include an electronic device (e.g., 
a portable media player or a cellular telephone) that may 
include a processor, a non-volatile memory (“NVM), and a 
power budgeting manager. 
0005. The NVM can be memory of any suitable type, such 
as, for example, flash memory (e.g., NAND flash memory). 
The NVM may include one or more NVM dies and associated 
circuitry to enable accessing and operation of those dies. In 
some embodiments, the NVM may also include its own con 
troller and other components such as an error correction code 
module. 
0006 The power budgeting manager (e.g., implemented 
on a device processor or on the NVM) can monitor the 
amount of available power and dynamically allocate a power 
budget to each of the processor, the NVM, and any other 
component in the system or to components within the pro 
cessor and/or the NVM. For example, in one embodiment, the 
power budgeting manager can detect that the system is oper 
ating in a low power state. A low power state, as defined 
herein, is when the system is receiving a low amount of power 
(e.g., a pre-determined power level of 100 mA) from an 
external power charging source and where an internal power 
Source (e.g., a battery) of the system is unable to power the 
electronic device. Such a low power state may exist, for 
example, during a Universal Serial Bus (“USB) protocol 
handshaking sequence between the electronic device and the 
external power charging device. In response to detecting the 
low power state, the power budgeting manager can dynami 
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cally allocate a respective power budget to each component of 
one or more components of the system. For example, the 
power budgeting manager can dynamically allocate a power 
budget to each of the processor and the NVM such that the 
processor and the NVM can collectively operate without 
exceeding the power available during the low power state. 
0007 Power budgets for respective components (e.g., pro 
cessor or NVM) may be enforced using any number of tech 
niques. For example, in one embodiment, the power budget 
ing manager can stall the processor, which prevents the 
processor from operating, thereby conserving power to 
adhere to a power budget. The processor can be stalled by a 
number of techniques, such as clock gating (e.g., by disabling 
one or more portions of the processor circuitry). As another 
example, the processor can be stalled by throttling its clock 
speed (e.g., reducing its clock speed to a predetermined 
level). As yet another example, the power budgeting manager 
can control power consumption of the NVM by, for instance, 
subdividing power to one or more components of the NVM. 
0008. The power budgeting manager can also interrupt the 
stalling of the processor using any Suitable technique. For 
example, the power budgeting manager can interrupt the stall 
ing of the processorin response to receiving one or more flags 
issued by a NVM controller, where the one or more flags can 
indicate when one or more memory operations have com 
pleted. As another example, the power budgeting manager 
can interrupt the stalling of the processor in response to 
receiving an interrupt request from the NVM controller. 
0009. In some embodiments, if the power budgeting man 
ager detects that the current power level exceeds the power 
level of the low power state, the power budgeting manager can 
remove the respective power budget allocated to each com 
ponent of the one or more components of the system. After the 
respective power budgets are removed, components of the 
system may be able to draw as much current as needed from 
the external power charging device. In other embodiments, 
the power budgeting manager can monitor the power con 
Sumption of various components of the system and allocate 
power accordingly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The above and other aspects and advantages of the 
invention will become more apparent upon consideration of 
the following detailed description, taken in conjunction with 
accompanying drawings, in which like reference characters 
refer to like parts throughout, and in which: 
0011 FIGS. 1 and 2 show schematic views of electronic 
devices configured in accordance with various embodiments 
of the invention; 
0012 FIG. 3 shows a schematic view of an illustrative 
electronic system configured in accordance with various 
embodiments of the invention; 
0013 FIG. 4 shows a graph of an illustrative power budget 
allocation for components of an electronic device in accor 
dance with various embodiments of the invention; 
0014 FIG. 5 shows a flowchart of an illustrative process 
for dynamic power allocation in accordance with various 
embodiments of the invention; and 
0015 FIG. 6 shows a flowchart of an illustrative process 
for allocating power budgets in a system in accordance with 
various embodiments of the invention. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

0016 FIG. 1 is a schematic view of electronic device 100. 
In some embodiments, electronic device 100 can be or can 
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include a portable media player (e.g., an iPodTM made avail 
able by Apple Inc. of Cupertino, Calif.), a cellular telephone 
(e.g., an iPhoneTM made available by Apple Inc.), a pocket 
sized personal computer, a personal digital assistance 
("PDA), a desktop computer, a laptop computer, and any 
other suitable type of electronic device. 
0017 Electronic device 100 can include system-on-a-chip 
(“SoC) 110 and non-volatile memory (“NVM) 120. NVM 
120 can include a NAND flash memory based on floating gate 
or charge trapping technology, NOR flash memory, erasable 
programmable read only memory (“EPROM), electrically 
erasable programmable read only memory (“EEPROM), 
Ferroelectric RAM (“FRAM), magnetoresistive RAM 
(“MRAM), any other known or future types of non-volatile 
memory technology, or any combination thereof. 
0018. In some embodiments, NVM 120 can include NVM 
controller 122 for accessing and managing NVM dies 124 
over internal channels (e.g., one or more data paths between 
NVM controller 122 and NVM dies 124) using internal chip 
select signals. In some cases, NVM controller 122 can selec 
tively enable any die of NVM dies 124. For example, in 
response to receiving a request (e.g., a read, program, or erase 
request) from device processor 112 to access a particular die 
of NVMdies 124, NVM controller 122 can selectively enable 
the die requested by device processor 112. 
0019 NVM controller 122 can perform memory manage 
ment functions such as wear leveling, badblock management, 
and logical-to-physical translation operations. NVM 120 can 
include an error correction code (“ECC) engine 126 for 
detecting and correcting data errors (e.g., flipped bits). ECC 
engine 126 is shown with a dashed-line box to indicate that its 
function can be implemented in different locations. In some 
embodiments, ECC engine 126 can be implemented as a 
hardware component in NVM controller 122 or as a software 
component executed by NVM controller 122. In some 
embodiments, ECC engine 126 can be a stand-alone module 
in NVM 120. 
0020. It is understood that one or more functions imple 
mented by NVM controller 122 can be implemented by SoC 
110. Thus, in some embodiments, NVM controller 122 may 
be included as part of SoC 110. In such an embodiment, NVM 
120 can include dies 124 and associated circuitry (e.g., charge 
pumps, row and column decoders, etc.), but would not 
include an NVM controller. 
0021 NVM dies 124 can be organized into “blocks.” 
which are the Smallest unit oferase, and further organized into 
'pages.” which are the Smallest programmable and readable 
unit. Each die 124 can include multiple blocks that can be 
arranged in one or more planes (or banks). Blocks from each 
plane or die may be virtually linked together to form "super 
blocks. Each memory location (e.g., page or block) of NVM 
dies 124 can be addressed using a physical address (e.g., a 
physical page address or physical block address). 
0022 FIG. 1, as well as later figures and various disclosed 
embodiments, may sometimes be described in terms of using 
flash technology. However, this is not intended to be limiting, 
and any other type of non-volatile memory can be imple 
mented instead. Electronic device 100 can, for example, 
include other components. Such as a power Supply or any user 
input or output components which are not depicted in FIG. 1 
to prevent overcomplicating the figure. 
0023 SoC 110 can include device processor 112, memory 
114, and NVM interface 118. Device processor 112 can con 
trol the general operations and functions of SoC 110 and the 
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other components of SoC 110 or device 100. For example, 
responsive to user inputs and/or the instructions of an appli 
cation or operating system, device processor 112 can issue 
read or write commands to NVM interface 118 to obtain data 
from or store data in NVM 120. That is, NVM interface 118 
can enable communications between NVM 120 and device 
processor 112. For clarity, data that device processor 112 may 
request for storage or retrieval may be referred to as “user 
data.” even though the data may not be directly associated 
with a user or user application. Rather, the user data can be 
any suitable sequence of digital information generated or 
obtained by device processor 112 (e.g., via an application or 
operating system). 
0024 Device processor 112 can include any combination 
of hardware, Software, and firmware, and any components, 
circuitry, or logic operative to drive the functionality of elec 
tronic device 100. For example, device processor 112 can 
include one or more processors that operate under the control 
of software/firmware stored in NVM 120 or memory 114. 
0025. In some embodiments, device processor 112 can 
include power budgeting manager 128, which can dynami 
cally allocate power budgets to one or more components of 
electronic device 100. The one or more components can 
include, for example, device processor 112, NVM 120, NVM 
interface 118, and any other suitable component(s) of elec 
tronic device 100. In some embodiments, the power budgets 
can be allocated based on the total amount of power that is 
available to electronic device 100 or available to SoC 110 and 
NVM 120. Although power budgeting manager 128 is shown 
as being implemented on device processor 112 in FIG. 1, 
persons skilled in the art will appreciate that power budgeting 
manager 128 may in addition or instead be implemented on 
NVM controller 122. Dynamic power allocations will be 
discussed in more detail in connection with FIGS. 3-5. 
0026 Memory 114 can include any suitable type of vola 

tile or non-volatile memory. Such as dynamic random access 
memory (“DRAM), synchronous dynamic random access 
memory (“SDRAM), double-data-rate (“DDR) RAM, 
cache memory, read-only memory (“ROM), or any combi 
nation thereof. Memory 114 can include a dataSource that can 
temporarily store user data for programming into or reading 
from NVM 120. In some embodiments, memory 114 may act 
as the main memory for any processors implemented as part 
of device processor 112. 
(0027 NVM interface 118 may include any suitable com 
bination of hardware, software, and/or firmware configured 
to act as an interface or driver between device processor 112 
and NVM 120. For any software modules included in NVM 
interface 118, corresponding program code may be stored in 
NVM 120 or memory 114. 
(0028 NVM interface 118 can perform a variety of func 
tions that allow device processor 112 to access NVM 120 and 
to manage the memory locations (e.g., pages, blocks, Super 
blocks, integrated circuits) of NVM 120 and the data stored 
therein (e.g., user data). For example, NVM interface 118 can 
interpret the read or write commands from device processor 
112, perform wear leveling, and generate read and program 
instructions compatible with the bus protocol of NVM 120. 
(0029 While NVM interface 118 and device processor 112 
are shown as separate modules, this is intended only to sim 
plify the description of the embodiments of the invention. It 
should be understood that these modules may share hardware 
components, software components, or both. For example, a 
processor implemented as part of device processor 112 may 
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execute a software-based memory driver for NVM interface 
118. Accordingly, portions of device processor 112 and NVM 
interface 118 may sometimes be referred to collectively as 
“processor.” 
0030 FIG. 1 illustrates an electronic device where NVM 
120 may have its own controller (e.g., NVM controller 122). 
In some embodiments, electronic device 100 can include a 
target device, such as a flash or SD card, that includes NVM 
120 and some or all portions of NVM interface 118 (e.g., a 
translation layer, discussed below). In these embodiments, 
SoC 110 or device processor 112 may act as a host controller 
for the target device. For example, as the host controller, SoC 
110 can issue read and write requests to the target device. 
0031 FIG. 2 is a schematic view of electronic device 200, 
which may illustrate in greater detail some of the firmware, 
software and/or hardware components of electronic device 
100 (FIG. 1) in accordance with one or more embodiments. 
Electronic device 200 may have any of the features and func 
tionalities described above in connection with device 100 
shown in FIG. 1, and vice versa. Electronic device 200 can 
include file system 210, NVM driver 212, NVM bus control 
ler 216, and NVM220. In some embodiments, file system 210 
and NVM driver 212 may be software or firmware modules, 
and NVM bus controller 216 and NVM220 may be hardware 
modules. Accordingly, in these embodiments, NVM driver 
212 may represent the software or firmware aspect of NVM 
interface 218, and NVM bus controller 216 may represent the 
hardware aspect of NVM interface 218. 
0032. File system 210 can include any suitable type of file 
system and may be part of the operating system of electronic 
device 200 (e.g., part of device processor 112 of FIG. 1). In 
some embodiments, file system 210 may include a flash file 
system, which may provide a logical to physical mapping of 
pages. File system 210 may perform some or all of the func 
tionalities of NVM driver 212 discussed below, and therefore 
file system 210 and NVM driver 212 may or may not be 
separate modules. 
0033 File system 210 may manage file and folder struc 
tures for the application and/or operating system. File system 
210 may operate under the control of an application or oper 
ating system running on electronic device 200, and may pro 
vide write and read commands to NVM driver 212 when the 
application or operating system requests that information be 
read from or stored in NVM 220. Along with each read or 
write command, file system 210 can provide a logical address 
to indicate where the user data should be read from or written 
to. Such as a logical page address or a logical block address 
with a page offset. 
0034 File system 210 may provide read and write requests 

to NVM driver 212 that are not directly compatible with 
NVM 220. For example, the logical addresses may use con 
ventions or protocols typical of hard-drive-based systems. A 
hard-drive-based system, unlike flash memory, can overwrite 
a memory location without first performing a block erase. 
Moreover, hard drives may not need wear leveling to increase 
the lifespan of the device or other techniques that are specific 
to flash-based devices. Therefore, NVM interface 218 can 
performany functions that are memory-specific, Vendor-spe 
cific, or both to handle file system requests and perform other 
management functions in a manner suitable for NVM 220. 
0035 NVM driver 212 can include translation layer 214. 
In some embodiments, translation layer 214 may be or 
include a flash translation layer (“FTL). On a write opera 
tion, translation layer 214 can map the provided logical 
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address to a free, erased physical location on NVM220. On a 
read operation, translation layer 214 can use the provided 
logical address to determine the physical address at which the 
requested data is stored. Because each NVM may have a 
different layout depending on the size or vendor of the NVM, 
this mapping operation may be memory and/or vendor spe 
cific. Translation layer 214 can perform any other suitable 
functions in addition to logical-to-physical address mapping. 
For example, translation layer 214 can perform any of the 
other functions that may be typical of flash translation layers, 
Such as garbage collection and wear leveling. 
0036 NVM driver 212 may interface with NVM bus con 
troller 216 to complete NVM access requests (e.g., program, 
read, and/or erase requests). Bus controller 216 may act as the 
hardware interface to NVM220, and can communicate with 
NVM 220 using the bus protocol, the data rate, and/or other 
specifications of NVM 220. 
0037 NVM interface 218 may manage NVM 220 based 
on memory management data, Sometimes referred to herein 
as “metadata.” The metadata may be generated by NVM 
driver 212 or may be generated by a module operating under 
the control of NVM driver 212. For example, metadata can 
include any information used for managing the mapping 
between logical and physical addresses, bad block manage 
ment, wear leveling, “ECC data, or any combination thereof. 
The metadata may include data provided by file system 210 
along with the user data, Such as a logical address. Thus, in 
general, "metadata” may refer to any information about or 
relating to user data or used generally to manage the operation 
and memory locations of a non-volatile memory. 
0038 NVM interface 218 may be configured to store 
metadata in NVM 220. In some embodiments, NVM inter 
face 218 may store metadata associated with user data at the 
same memory location (e.g., page) in which the user data is 
stored. For example, NVM interface 218 may store user data, 
the associated logical address, and ECC data for the user data 
at one or more memory locations of NVM 220. NVM inter 
face 218 may also store other types of metadata about the user 
data in the same memory location. For example, the metadata 
may contain a flag that indicates whether the stored data is 
good data. 
0039 NVM interface 218 may store a logical address and 
associated user information itself so that, on power-up of 
NVM220 or during operation of NVM220, electronic device 
200 can determine what data resides at that specific location. 
In particular, because file system 210 may reference the user 
data according to its logical address and not its physical 
address, NVM interface 218 may store the user data and 
logical address together to maintain their association. For 
example, in embodiments where NVM interface 218 maps 
logical sectors directly to physical pages, NVM interface 218 
may store logical-to-physical mappings in pages in the NVM, 
as well as the information itself. 
0040. Referring now to FIG. 3, a schematic view of an 
illustrative electronic system is shown. Electronic system300 
can include electronic device 302 and external power charg 
ing source 310. In some embodiments, electronic device 302 
can be the same as or Substantially similar to electronic device 
100 of FIG. 1 and/or electronic device 200 of FIG. 2. 
0041. For example, electronic device 302 can include a 
host system or processor 304 (e.g., SoC 110 of FIG. 1) and 
NVM 306 (e.g., NVM 120 of FIG. 1 or NVM220 of FIG. 2). 
In some cases, electronic device 302 can include battery 308, 
which, when charged to at least a pre-determined level, can 
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power electronic device 302. However, when electronic 
device 302 has been left uncharged for an extended period of 
time, battery 308 may eventually run out of substantially all of 
its charge. In such a state, battery 308 may be unable to power 
electronic device 302 and one or more its components. 
0042. In some embodiments, electronic device 302 can be 
recharged by coupling electronic device 302 to external 
power charging device 310 via one or more power connec 
tions 336. External power charging device 310 can include 
any Suitable electronic charging device or system capable of 
supplying power to electronic device 302. For example, exter 
nal power charging device 310 can include a laptop computer, 
a power Supply, or a docking station. Moreover, power con 
nection 336 can include, for example, a Universal Serial Bus 
(“USB) connection, a USB 2.0 connection, a serial connec 
tion, a parallel connection, a FireWire connection, any other 
Suitable wired or wireless power connection, and/or any com 
bination thereof. 
0043. However, when electronic device 302 is first 
coupled to external power charging device 310 via power 
connection 336, the amount of current that may be drawn 
from external power charging device 310 may be limited. For 
example, if electronic device 302 is coupled to external power 
charging device 310 using a USB connection, electronic 
device 302 may first need to complete a handshaking phase 
with external power charging device 310 before a maximum 
amount of power can be drawn from external power charging 
device 310 (e.g., a maximum current of 500 mAmps, 1 Amp, 
or 2 Amps). The handshaking phase may be a negotiation 
process between electronic device 302 and external power 
charging device 310 to determine how much current elec 
tronic device 302 can draw from power charging device 310. 
During the handshaking phase, a limited amount of power is 
supplied, but after the handshake is complete, the “agreed' 
upon power level can be provided. 
0044 As a result, prior to completing the handshaking 
phase, electronic device 302 may only be able to draw a 
limited amount of power (e.g., a maximum current of 100 
mAmps versus a maximum current of 500 mAmps during 
normal operations) from external power charging device 310. 
Thus, given the limited power budget, processor 304 may 
need to dynamically allocate power among its various com 
ponents (e.g., a NVM and a processor) in order to ensure 
sufficient power is provided to enable operation of selective 
component(s). 
0045 Persons skilled in the art will appreciate that in 
addition to, or instead of dynamically allocating power to 
processor 304 and NVM 306, power can be dynamically 
allocated for any other component(s) of electronic device 
302. Persons skilled in the art will also appreciate that 
although this discussion is directed to a low power state 
arising from the USB protocol, electronic device 302 can 
respond to any low power scenario by dynamically allocating 
power among its various components. Thus, a low power State 
can be any state where an internal power source (e.g., battery 
308) is unable to provide enough power to electronic device 
302 so that electronic device 302 can operate in its normal 
operating modes (e.g., playing music or facilitating cell 
phone calls). At the same time, an external power charging 
device (e.g., external power charging device 310) may also be 
providing a low amount of power (e.g., a pre-determined 
power level of 100 mA) to electronic device 302. 
0046 FIG. 4 shows a graph of an illustrative power budget 
allocation 400 for components of an electronic device (e.g., 
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electronic device 100 of FIG. 1, electronic device 200 of FIG. 
2, or electronic device 302 of FIG. 3). Persons skilled in the 
art will appreciate that time intervals to to ts are not drawn to 
scale, and therefore, in Some cases, some time intervals may 
actually be much longer or shorter as compared to other time 
intervals. 
0047. At time to a power budgeting manager (e.g., power 
budgeting manager 128 of FIG. 1) can determine that the 
memory system is operating in a low power state. As a result, 
the power budgeting manager can allocate power budget 402 
to a processor (e.g., SoC 110 of FIG. 1 or processor 304 of 
FIG.3) and power budget 404 to an NVM (e.g., NVM 120 of 
FIG. 1, NVM 220 of FIG. 2, or NVM 306 of FIG. 3). The 
combination of power budgets 402 and 404 can be equal to, or 
less than, power level 420. Between time to and t5, power 
level 420 can be the power level provided during the hand 
shaking phase (e.g., 100 mAmp), and after time tS. power 
level 422 can be the power level provided during after the 
handshaking phase is complete (e.g., 500 mAmp, 1 Amp, or 2 
Amps). In addition, since the processor may need to use more 
power initially (e.g., additional powerfor issuing one or more 
requests), power budget 402 may be higher than power budget 
404. 
0048. Then, between time to and time t, the processor may 
issue a request (e.g., a read, erase, or program request) to 
access the NVM. In one embodiment, the processor may 
issue a request for the NVM to load one or more programs 
(e.g., an operating system) for a system boot-up. 
0049. After the request has been issued, at time t, the 
power budgeting manager can allocate power budgets 406 
and 408 to the processor and the NVM, respectively. The 
combination of power budgets 406 and 408 can be equal to, or 
less than, power level 420. 
0050. In some cases, a lower amount of power may be 
allocated to the processor at time t/because the processor may 
not need to perform any other significant operations after 
issuing the request. Therefore, power budget 406 may be 
lower than power budget 402. 
0051. In contrast, because the NVM may be performing 
most of the system operations after receiving a request from 
the processor (e.g., loading one or more programs for a sys 
tem boot-up), the NVM may require additional power as 
compared to the processor. Therefore, power budget 408 may 
be higher than power budget 406. 
0052. In some embodiments, in order for the processor to 
meet power budget 406 between timet and timet, the power 
budgeting manager can stall the processor. For example, the 
power budgeting manager can stall the processor by clock 
gating the processor (e.g., by disabling one or more portions 
of the processor circuitry). As another example, the power 
budgeting manager can stall the processor by throttling the 
clock speed of the processor (e.g., reducing the clock speed to 
a minimum level). 
0053. Then, at time t, the power budgeting manager may 
interrupt the stalling of the processor in response to receiving 
an interrupt request. For example, the power budgeting man 
ager may receive an interrupt request from one or more com 
ponents of an electronic system (e.g., electronic system 300 
of FIG. 3). In some embodiments, the power budgeting man 
ager may have received an interrupt request from the NVM. 
For example, a NVM controller (e.g., NVM controller 122 of 
FIG. 1) can provide an interrupt request to the processor 
instructing the processor to operate at a higher power level. As 
another example, the NVM controller can issue one or more 
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flags, where the one or more flags can indicate when one or 
more memory operations have completed. 
0054 If the power budgeting manager determines that a 
request to interrupt the stalling of the processor has been 
received, the power budgeting manager can allocate power 
budgets 402 and 404 to the processor and the NVM, respec 
tively. Thus, in some embodiments, the power budgets allo 
cated between time t and time t can be the same as or similar 
to the power budgets allocated between time to and time t. 
0055. A higher amount of power may be allocated to the 
processor at time t because the processor may require addi 
tional power in order to continue to perform system opera 
tions (e.g., execute one or more system applications). Corre 
spondingly, because the processor may be performing most of 
the system operations after the stalling has been interrupted, 
power budget 402 may be higher than power budget 404. 
0056 Persons skilled in the art will appreciate that the 
power budgets shown in power budget allocation 400 are 
merely illustrative, and that the actual power budgets allo 
cated to each component of the system can depend on one or 
more factors. The one or more factors can include, for 
instance, the current state of the system, one or more future 
states of the system, the total power available, the type of 
requestissued by the processor (e.g., a read, program, or erase 
request), any other Suitable factor, and/or any combination 
thereof. 
0057 Thus, for example, between time t and time t, the 
power budgeting manager can allocate almost all of the avail 
able power to the processor (e.g., power budget 410), which 
can allow the processor to perform additional operations. 
Moreover, between time t and time ts, the power budgeting 
manager can allocate almost all of the available power to the 
NVM (e.g., power budget 412), which can allow the NVM to 
perform additional operations. 
0058. Then, at time ts, the handshaking operation is com 
plete and the power budgeting manager is no longer limited to 
operating in the low power state. At this point, the power 
budgeting manager can allocate power according to new 
power level 422. 
0059 Referring now to FIGS. 5 and 6, flowcharts of illus 
trative processes are shown in accordance with various 
embodiments of the invention. These processes may be 
executed by one or more components in a system (e.g., system 
100 of FIG. 1). For example, a power budgeting manager 
(e.g., power budgeting manager 128 of FIG. 1) may perform 
one or more of the steps of these processes. 
0060 Turning first to FIG. 5, process 500 is shown for 
dynamic power allocation. Process 500 may begin at step 
502, where a power budgeting manager may be monitoring 
the amount of power available for a system (e.g., electronic 
device 302 of FIG. 3). 
0061. At step 504, the power budgeting manager can 
determine if the total amount of power available for a system 
(e.g., electronic device 302 of FIG. 3) is below a pre-deter 
mined power level. If, at step 504, the power budgeting man 
ager determines that the total amount of power available for 
the system is not below a pre-determined power level, process 
500 may end at step 506. 
0062) If, at step 504, the power budgeting manager instead 
determines that the total amount of power available for the 
system is below a pre-determined power level, process 500 
may move to step 508. For example, the power budgeting 
manager may have detected that the system is operating in a 
low power state. During the low power state, a battery (e.g., 
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battery 308 of FIG. 3) of an electronic device (e.g., electronic 
device 100 of FIG. 1, electronic device 200 of FIG. 2, and/or 
electronic device 302 of FIG. 3) may be unable to power the 
system. At the same time, the electronic device may also be 
receiving a low amount of power (e.g., a pre-determined 
power level of 100 mA) from an external power charging 
device (e.g., external power charging device 310 of FIG. 3). 
For example, the power budgeting manager may detect the 
low power state by detecting that the electronic device is 
communicating with the external power charging device via a 
USB protocol, and that a handshaking phase of the USB 
protocol has not yet completed. 
0063. Then, at step 508, the power budgeting manager can 
dynamically allocate a respective power budget to each com 
ponent of one or more components of the system. In some 
embodiments, the power budgeting manager can allocate the 
respective power budgets based on the amount of power that 
is available. For example, the power budgeting manager can 
dynamically allocate a power budget to each of a processor 
(e.g., SoC 110 of FIG. 1 or processor 304 of FIG. 3) and a 
NVM (e.g., NVM 120 of FIG. 1, NVM 220 of FIG. 2, or 
NVM 306 of FIG.3) such that the processor and the NVM can 
collectively operate without exceeding the pre-determined 
power level. In other words, the power budgeting manager 
can monitor the cumulative power consumption of the pro 
cessor and the NVM, and ensure that the cumulative power 
consumption does not exceed the pre-determined power 
level. 

0064. In other embodiments, the power budgeting man 
ager can control power consumption of the NVM by, for 
example, subdividing the power allocated to the NVM to one 
or more components of the NVM (e.g., one or more NVM 
dies 124 of FIG. 1 or NVM controller 122 of FIG. 1). In some 
cases, the power budgeting manager can Subdivide the power 
among the components of the NVM based on a current oper 
ating state of the NVM. Thus, depending on which compo 
nents of the NVM require greater power, the power budgeting 
manager can correspondingly allocate higher power budgets 
to those components and lower power budgets to the remain 
ing components. 
0065. In further embodiments, the power budgeting man 
ager can monitor the power consumption of various compo 
nents of the system and allocate power accordingly. Thus, in 
response to detecting that a particular component of the sys 
tem is or needs to consume the most power, the power bud 
geting manager can allocate a correspondingly larger power 
budget to that component. 
0.066 By dynamically allocating different power budgets 
to various components of the system, the power budgeting 
manager can enhance the performance of the system. For 
example, if the NVM is not currently being used, the power 
budgeting manager can allocate a higher power budget to the 
processor. The processor can then take advantage of this 
higher power budget by performing additional operations. 
This enhancement in performance would not be achievable 
for systems that allocate fixed power thresholds for memory 
components for a pre-determined period of time. 
0067 Continuing to step 510, the power budgeting man 
ager can determine if the total amount of power available for 
the system is above the pre-determined power level. If, at step 
510, the power budgeting manager determines that the total 
amount of power available for the system is not above the 
pre-determined power level, process 500 may return to step 
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508. At step 508, the power budgeting manager can continue 
to dynamically allocate power budgets to components of the 
system. 
0068. If, at step 510, the power budgeting manager instead 
determines that the total amount of power available for the 
system is above the pre-determined power level, process 500 
may move to step 512. For example, the power budgeting 
manager may have detected that the system is operating in a 
high power state. During the high power state, the electronic 
device may be receiving a high amount of power (e.g., 500 
mA) from the external power charging device. However, a 
battery of the electronic device may still not be providing any 
power or power Sufficient to power the system. In some 
embodiments, the power budgeting manager may detect the 
high power state by detecting that a handshaking phase of the 
USB protocol between the external power charging device 
and the electronic device has completed. 
0069. As another example, the power budgeting manager 
may have detected that the system is operating in a full power 
state. During the full power state, the electronic device may be 
receiving full power from the external power charging device 
and/or the battery. In some embodiments, the power budget 
ing manager can detect that the system is operating in the full 
power state by detecting that the battery of the electronic 
device is fully charged. 
0070 Then, at step 512, the power budgeting manager can 
remove the respective power budget allocated to each com 
ponent of the one or more components of the system. After the 
respective power budgets have been removed, components of 
the system can draw as much current as needed from the 
external power charging device. Process 500 may then end at 
step 506. 
(0071 Referring now to FIG. 6, process 600 is shown for 
allocating power budgets in a system (e.g. electronic device 
302 of FIG. 3). In some embodiments, process 600 may 
represent a more detailed view of step 508 of process 500 
(FIG. 5). Thus, the system may be operating in a low power 
state, where the system is receiving power from an external 
power charging device (e.g., external power charging device 
310 of FIG.3) and the internal power source (e.g., battery 308 
of FIG. 3) is not able to independently power the system. In 
Some embodiments, the total received power can have a pre 
determined power level (e.g., 100 mA). 
0072 Although the following discussion refers to stalling 
a processor (e.g., SoC 110 of FIG. 1 or processor 304 of FIG. 
3) in response to a low power state, persons skilled in the art 
will appreciate that similar approaches can also be applied to 
a processor of a NVM (e.g., NVM 120 of FIG. 1, NVM 220 
of FIG. 2, or NVM 306 of FIG. 3), such as a NVM controller 
(e.g., NVM controller 122 of FIG. 1). Thus, if the low power 
state continues for a longer period of time, the processor and 
the NVM controller may alternate the stalling process in 
order to enhance the performance of the system. 
0073 Process 600 may start at step 602. At step 604, a 
power budgeting manager (e.g., power budgeting manager 
128 of FIG. 1) can allocate a first power budget (e.g., power 
budget 402 of FIG. 4) to the processor. 
0074 Then, at step 606, the processor may issue a request 
(e.g., a read, erase, or program request) to access a NVM (e.g., 
NVM 120 of FIG. 1, NVM 220 of FIG. 2, or NVM 306 of 
FIG.3). For example, the processor can issue a read request to 
access data stored in memory locations of one or more NVM 
dies (e.g., NVM dies 124 of FIG. 1). As another example, the 
processor can issue a program request to program data into 
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memory locations of one or more NVM dies. In some 
embodiments, in order to conserve power while operating in 
the low power state, the processor or a NVM controller (e.g., 
NVM controller 122 of FIG. 1) can limit the request to access 
only one die of the NVM at a time. In other embodiments, 
other system operations can be blocked while input/output 
(“I/O”) signals are being transferred between the processor 
and the NVM controller. 
0075 Continuing to step 608, the power budgeting man 
ager can allocate a second power budget (e.g., power budget 
406 of FIG. 4) to the processor, where the second power 
budget may be lower than the first power budget. A lower 
amount of power can be allocated to the processor because 
after issuing the request, the processor may not need to per 
form any other significant operations. 
0076. At step 610, the power budgeting manager can allo 
cate a third power budget (e.g., power budget 408 of FIG. 4) 
to the NVM, where a combination of the second and third 
power budgets is equal to, or less than, a pre-determined 
power level (e.g., power level 420 of FIG. 4). In some cases, 
because the NVM may be performing most of the system 
operations after receiving a request from the processor, the 
NVM may require additional power as compared to the pro 
cessor. Thus, the third power budget can be higher than the 
second power budget. 
0077. Then, at step 612, the power budgeting manager can 
stall the processor to limit power consumption so that the 
processor does not exceed the second power budget. For 
example, the processor can stall by clock gating (e.g., by 
disabling one or more portions of the processor circuitry). As 
another example, the processor can stall by throttling its clock 
speed (e.g., reducing its clock speed to a minimum level). 
0078 Continuing to step 614, the power budgeting man 
ager can determine if a request to interrupt the stalling of the 
processor has been received. For example, the power budget 
ing manager may receive an interrupt request from one or 
more components of an electronic system (e.g., electronic 
system 300 of FIG. 3). For instance, the power budgeting 
manager (and/or the processor) may receive an interrupt 
request from a component of an electronic device (e.g., elec 
tronic device 100 of FIG. 1, electronic device 200 of FIG. 2, 
and/or electronic device 302 of FIG. 3) or an external power 
charging device (e.g., external power charging device 310 of 
FIG. 3) coupled to the electronic device. 
0079. In some embodiments, the power budgeting man 
ager can receive an interrupt request from the NVM. For 
example, a NVM controller can provide an interrupt request 
to the processor instructing the processor to operate at a 
higher power level. In some embodiments, the interrupt 
request may be transmitted in order to allow the transfer of I/O 
signals between the processor and the NVM controller. As 
another example, the NVM controller can issue one or more 
flags, where the one or more flags can indicate when one or 
more memory operations have completed. 
0080) If, at step 614, the power budgeting manager deter 
mines that a request to interrupt the stalling has not been 
received, process 600 may return to step 612. At step 612, the 
power budgeting manager can continue to stall the processor. 
I0081) If, at step 614, the power budgeting manager instead 
determines that a request to interrupt the stalling has been 
received, process 600 may move to step 616. 
I0082. At step 616, the power budgeting manager can allo 
cate the first power budget to the processor. In some embodi 
ments, the first power budget may be allocated because the 
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processor may require a higher amount of power in order to 
continue performing system operations (e.g., transferring I/O 
signals to or from the NVM controller). 
0083. Then, at step 618, the power budgeting manager can 
allocate a fourth power budget (e.g., power budget 404 of 
FIG. 4) to the NVM, where a combination of the first and 
fourth power budgets is equal to, or less than, the pre-deter 
mined power level. In some cases, because the processor may 
be performing most of the system operations after the stalling 
has been interrupted, the processor may require additional 
power as compared to the NVM. Thus, the first power budget 
may be higher than the fourth power budget. Process 600 can 
then end at step 620. 
I0084. It should be understood that processes 500 and 600 
of FIGS. 5 and 6, respectively, are merely illustrative. Any of 
the steps may be removed, modified, or combined, and any 
additional steps may be added, without departing from the 
Scope of the invention. 
0085. The described embodiments of the invention are 
presented for the purpose of illustration and not of limitation. 
What is claimed is: 
1. A method for dynamically managing power in a system 

comprising a processor and non-volatile memory (“NVM), 
the method comprising: 

operating the system in a low power state, wherein the 
system receives power from an external power charging 
device, the received power having a pre-determined 
power level during a handshaking phase between the 
system and the external power charging device; 

performing the handshaking phase; and 
dynamically allocating a power budget to each of the pro 

cessor and the NVM such that the processor and the 
NVM collectively operate without exceeding the pre 
determined power level. 

2. The method of claim 1, wherein a battery of the system 
is unable to independently provide sufficient power to the 
system so that the system can operate in a normal mode. 

3. The method of claim 1, wherein dynamically allocating 
the power budget further comprises: 

allocating a first power budget to the processor, 
issuing a request from the processor to access the NVM; 
allocating a second power budget to the processor, wherein 

the second power budget is lower than the first power 
budget; and 

stalling the processor to limit power consumption by the 
processor so that it does not exceed the second power 
budget. 

4. The method of claim 3, wherein the issuing the request 
comprises limiting the request to access a Subset of all avail 
able die of the NVM at a time, the subset including a number 
of dies less than all dies that can be simultaneously accessed. 

5. The method of claim 3, wherein the stalling further 
comprises clock gating the processor. 

6. The method of claim 3, wherein the stalling further 
comprises throttling the clock speed of the processor. 

7. The method of claim 3, further comprising allocating a 
third power budget to the NVM, wherein a combination of the 
second and third power budgets is equal to or less than the 
pre-determined power level. 

8. The method of claim 7, wherein the third power budget 
is higher than the second power budget. 

9. The method of claim 7, further comprising: 
receiving a request to interrupt the stalling of the processor; 

and 
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in response to receiving the request to interrupt the stalling 
of the processor, allocating the first power budget to the 
processor. 

10. The method of claim 3, wherein the receiving the 
request to interrupt further comprises receiving a flag, 
wherein the flag indicates when at least one memory opera 
tion has completed. 

11. The method of claim 9, further comprising allocating a 
fourth power budget to the NVM, wherein a combination of 
the first and fourth power budgets is equal to or less than the 
pre-determined power level. 

12. The method of claim 10, wherein the first power budget 
is higher than the fourth power budget. 

13. A system comprising: 
a processor; 
a non-volatile memory (NVM) operative to communi 

cate with the processor, the NVM comprising a NVM 
controller and a plurality of NVM dies, the NVM con 
troller operative to selectively enable any of the plurality 
of the NVM dies; and 

a power budgeting manager operative to dynamically allo 
cate respective power budgets to the processor and the 
NVM such that cumulative power consumption of the 
processor and the NVM does not exceed a pre-deter 
mined power level. 

14. The system of claim 13, wherein the power budgeting 
manager is implemented on at least one of the processor and 
the NVM controller. 

15. The system of claim 13, wherein the NVM controller is 
operative to provide an interrupt request to the processor 
instructing the processor to operate at a higher power level. 

16. The system of claim 13, wherein the power budgeting 
manager is operative to: 

monitor an amount of power that is available; and 
allocate a power budget to each component of a plurality of 

components of the system based on the amount of power 
available. 

17. The system of claim 16, wherein the plurality of com 
ponents of the system comprises at least one of the processor 
and the NVM. 

18. The system of claim 16, wherein the power budgeting 
manager is operative to detect a state that is associated with 
the amount of available power. 

19. A method of allocating power budgets in an electronic 
device, the method comprising: 

determining that a total amount of power available for the 
electronic device is below a pre-determined power level; 
and 

dynamically allocating a respective power budget to each 
component of a plurality of components of the electronic 
device. 

20. The method of claim 19, wherein the dynamically 
allocating the respective power budget further comprises Sub 
dividing the power budget allocated to a non-volatile memory 
to one or more components of the non-volatile memory. 

21. The method of claim 19, wherein the determining the 
total amount of power available comprises detecting a low 
power State, wherein the electronic device is receiving a low 
amount of power from an external power charging device and 
a battery of the electronic device is unable to independently 
power the electronic device. 

22. The method of claim 20, wherein the detecting the low 
power State comprises: 
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detecting that the electronic device is communicating with 
the external power charging device via a Universal 
Serial Bus (“USB) protocol; and 

detecting that a handshaking phase of the USB protocol has 
not yet completed. 

23. The method of claim 19, further comprising: 
determining that the total amount of power available for the 

system is above the pre-determined power level; and 
removing the respective power budget allocated to each 
component of the plurality of components of the system. 
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24. The method of claim 23, wherein the determining that 
the total amount of power available comprises detecting that 
a handshaking phase of the USB protocol between the exter 
nal power charging device and the electronic device has com 
pleted. 

25. The method of claim 19, wherein the plurality of com 
ponents comprise a device processor and non-volatile NAND 
flash memory, wherein a first power budget is allocated to the 
device processor and second power budget is allocated to the 
NAND flash memory. 
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